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@) Oxidation process. 



@ A process is provided for the conversion of an 
olefin to tlie corresponding glycol wherein a mixture 
of olefin, oxygen, carbon dioxide and water is reac- 
ted in a solvent at supercritical conditions with re- 
spect to the solvent. 
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OXIDATION PROCESS 



Background of the Invention 



Detailed Description of the Invention 



Field of the Invention 

The present invention relates to the oxidation 
of olefins such as propylene to the corresponding 
glycol wherein the oxidation is carried out in a 
solvent at supercritical conditions with respect to 
the solvent. Illustrative solvents are carbon dioxide 
and methane. 



Description of the Prior Art 

The catalytic oxidation of olefins to the cor- 
responding glycols is a known reaction which Is 
generally carried out in aqueous acidic media. See 
for example German patents 1948786 and 
1 948838, 

Problems associated with such systems in- 
clude the necessity for corrosion-resistant materials 
of construction and difficulties in product separa- 
tion. 

Olefin oxidation at supercritical conditions us- 
ing carbon dioxide solvent and thallic oxide catalyst 
to produce the corresponding olefin oxide is 
known. See U.S. Patent 4,483,996. 

Likewise, the oxidation of olefins to alkylene 
carbonates using a catalytic system consisting of 
iodine or iodide and an oxygen transfer material 
such as manganese dioxide is known. See U.S. 
Patent 4,009.183, In this latter patent, water is 
employed as solvent alone or in admixture with 
miscibfe polar solvent such as acetonitrile; a broad 
pressure range is disclosed but the examples use 
only 35 atm or less. Reaction temperatures are well 
below the critical temperatures of water and aceto- 
nitrile. 



Brief Description of the invention 



In accordance with the present invention, 
olefins are oxidized to the corresponding glycol by 
reaction of olefin, oxygen, carbon dioxide and water 
in a solvent at conditions which are supercritical 
with respect to the solvent. Preferred solvents are 
carbon dioxide and methane. A catalyst system, 
preferably a heterogeneous solid system, is em- 
ployed. 



The present invention is applicable generally to 

5 the conversion of olefins to the corresponding gly- 
col. Preferably unsubstituted linear or cyclic olefins 
having 2 to 12 carbon atoms are converted. Exam- 
ples include ethylene, propylene, the butenes, 
cyclohexene, 1-decene, 1-dodecene, 

70 cyclododecene. and the like. Propylene is the pre- 
ferred olefin. 

Molecular oxygen Is provided as the oxidant. 
Air may be used as may pure oxygen or oxygen 
diluted with various inert gases. 

75 Water is a necessary reagent and is provided 

in amount at least stoichiometrically equivalent to 
olefin which Is converted, i.e., a mol of water per 
mol of olefin converted. 

Carbon dioxide is also a necessary reagent 

20 Where carbon dioxide solvent is employed, the 
solvent provides the necessary carbon dioxide for 
the olefin conversion. Where a different solvent is 
employed, e.g., methane, carbon dioxide reactant 
must be added. 

25 While not Intending to be bound by theory, it is 

believed that the olefin conversion first proceeds to 
the carbonate and, at the conditions employed, the 
carbonate reacts with water to form the product 
glycol. While carbon dioxide is essential, there Is 

30 no net consumption of this material. 

Elevated temperatures above the critical tem- 
perature of the solvent are necessary to carry out 
the reaction. Temperatures broadly ranging from 
about 70° C to 400° C, preferably lOO" C to 250 ' C 

35 are employed. 

A solvent is employed which forms a homo- 
geneous reaction solution at conditions which are 
supercritical with respect to the solvent. Preferred 
solvents are carbon dioxide or methane. Materials 

40 which are reagents such as water or olefin can also 
function effectively as solvent. Mixtures of materials 
may be employed as the solvent. Conditions In the 
reaction zone must be maintained supercritical with 
respect to the solvent in accordance with the Inven- 
ts tion. Preferably pressures which are supercritical 
with respect to the solvent and which are in excess 
of 75 atmospheres are employed, especially pres- 
sures of 100 to 500 atmospheres. 

Catalyst systems comprised of copper and io- 

50 dine components together with an oxygen transfer 
agent are employed. A preferred catalyst system 
comprises Cul and CuaO with Mn02 as oxygen 
transfer agent to facilitate reoxidation of cuprous 
components. For ease of product separation, the 
catalyst system is suitably supported on a solid 
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such as MgO. An illustrative system is represented 
by Cul (5 wt. % as Cu). CU2O (10 wt % as Cu) and 
Na MnO* (12.5 wt. %) on MgO. 

The following examples illustrate the invention. 



wherein the catalyst is a heterogeneous solid cata- 
lyst. 

6. The process of any one of claims 1 to 5 
wherein the conditions which are supercritical with 
5 respect to the solvent are a temperature in the 
range of 70 to 400 ' C and a pressure in excess of 
75 atmospheres. 



Example 1 

A feed mixture comprised of 6.29 moles CO2, ?o 
0.574 moles O2. 0.487 moles propylene, 0.309 
moles nitrogen, and 1,11 moles water was charged 
to a pressure reactor to which also was added 5.51 
grams of a heterogeneous catalyst system com- 
prising Cab. (5 wt. % as Ca), Cul (5 wt. % as Cu), 15 
CU2O (10 wt. % as Cu) on MnOa support. 

The catalyst was contained in a basket which 
was rotated during the reaction. The reaction was 
carried out for 10 hours at 146" C and 2217 psig. 

About 3.8% of the 02 was converted, selectiv- 20 
ity to propylene glycol was 91.5%. 

Example 2 

25 

A feed mixture comprised of 0.0444 moles O2. 
0.167 moles CO2. 0.487 moles propylene, 0.309 
moles N2, 1.215 moles methane and 1.11 moles 
water was charged to a Berty spinning basket 30 
reactor. About 7.33 grams of a heterogeneous cata- 
lyst system comprised of Cul (5 wt. % Cu), CU2O 
(10 wt. % as Cu) and 12,5 wt. % Na Mn04 on MgO 
was placed in the basket. Basket rotation was at 
500 rpm during the reaction. 35 

The reaction was carried out at 1 00 ^ C and 
1550 psig for 3 hours. 

About 2.4% oxygen conversion was achieved 
with 69.3% selectivity to propylene glycol. 12.9% 
selectivity to acetone and 17.8% selectivity to pro- 40 
pyiene carbonate- 
Claims 

45 

1. The process for the catalytic conversion of 
an olefin to the corresponding glycol which com- 
prises reacting the olefin, oxygen, carbon dioxide 
and water in the presence of a catalyst in a solvent 

at conditions which are supercritical with respect to 50 
the solvent. 

2. The process of claim 1 wherein said olefin is 
propylene. 

3. The process of claim 1 or claim 2 wherein 

said solvent is carbon dixoide. 55 

4. The process of claim 1 or claim 2 wherein 
said solvent is methane. 

5. The process of any one of claims 1 to 4 
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